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(54) Photocatalytic material 



(57) The present invention relates to a permanently alytic material comprises a sensitising agent wlilch ab- 

photcatalytic material effective to reduce the accummu- sorbs light in the visible and/or Infra red region of the 

lation of soils, or break down of soils on the surface, or spectrum and a photocatalytic agent, 
within a material. At least a proportion of the photocat- 
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Description 

[0001] The present invention relates to 'setf-cleaning' materiais comprising a photocatalytic component effective to 
degrade soils deposited on or within said material, in particular the invention relates to materials comprising a photo- 
5 catalytic agent and a sensitising agent which absort3s light substantiaiiy in the visible and/or the infrared region of the 
sprectrnm, uses of said materials are also described. 

[0002] Cleaning compositions intended for general and specific uses are well known in the art. Such compositions 
will nomially comprise one or more surfactants, solvents thickening agents, abrasive particles, bleaching agents, dis- 
infectant/antibacterial agents, perfumes, preservatives and colouring agents. Although these compositions are effective 

10 at removing soils, inevitably resoiling occurs after cleaning and thus recleaning is required. 

[0003] The photocatalysed degradation of organb environmental pollutants in the presence of a semiconductor such 
as titanium dioxide or zinc oxide is welt known (OIlis et ai, Environ. Sci. and Technol., 1 2 (1 991 ) 1 522; Heller Am. Chem. 
Res. 28 (1995), 503). However, the chemical characteristics of these sembonductors necessitate excitation of these 
metals in the ultraviolet region of the spectrum in order for the degradation of the pollutants to occur. This requirement 

15 therefore makes the use of photocatalysed degradation of soils within a residential environment or commercial both 
potentially hazardous and impractical. 

[0004] The present inventors have previously found, however, that the use of a sensitising agent in addition to the 
light absorbing material reduces the amount of energy required to be absorbed by said light at>sorber in order for charge 
separation to take place, and subsequently for the photocatalysed degradation of soils to occur. The present Inventors 
20 have found that ambient light, for example sunlight or artificial light is suffrcient in the presence of a sensitising agent 
and a light absorbing material to induce such a degradation. 

[0005] The present inventors previously found (GB 9930248.1), in addition, that the use of transition metal polypy- 
ridine, macrocyde or phthaiocyanine complexes can be used to sensitize a light absort>ing agent (such as titanium 
dioxide or zinc oxide) not only when the light absorbing agent is coated onto a surface, but also when the agent is in 
25 solution. This makes the use of a light absorbing agent in conjunction with certain transition metal complexes in solution 
ideally suited for applying to a surface to provide a residue whk:h will photocatalyse the decomposition of surface soils, 
and will also reduce the rate of accumulation of soils. 

[0006] Previously, the photosensitization of nanocrystailine titanium dioxide (7102) films by polyimide bearing pen- 
dant substltuted-Ru (bpy)3 +2 groups has been reported (Osora et al, J. Photochem. PhotobioL B: Biol. 43 (1998) 

30 232). In this study it was found that these photosensitised complexes could degrade methylene blue. 

[0007] Additionally, the use of metal complexes as photosensitisers in electrochemical cells is well established (Kaly- 
anasundaram et at. Photo. Sens. And Photocat Using Inorg. And Organomet. Comps, 247-271). Now the use of par- 
tknjiate semiconductors such as Ti02 with sensitisers is resulting in the development of a new class of solar cell. 
[0008] Graetzel et al (JACS V107, (1985), 2988 showed that tris(2.2'-bipyridyM,4'-dicarit>oxylate) ruthenium (II) 

35 dichloride is a superior sensitising agent for charge injection into titania at acid pH compared to trls(2,2'-bipridyl) m- 
thenium (tl) dk:hloride due to the former having cartsoxyiate anions capable of binding with titania under acid conditions. 
In this same woric it was also shown that the sensitising properties of tris(2,2''bipridyl) ruthenium (II) dk^hloride improve 
at pH 7 compared with lower pH. 

[0009] Bendig et al (J Photochem Photobioiogy A: Chemistry 1 08 (1 997) 89), describe the sensitised photocatalytk: 
^ oxidation of herbicides using tris(2,2'-bipyrKlyM,4'-dicarboxylate) ruthenium (II) dnhloride, tris(2,2'-blpridyl) mthenium 
(11) dichloride and a methylated fomn of the latter. Bendig et al showed that only tris(2,2'-bipyridyl-4,4'-dicarboxylate) 
ruthenium (II) dichloride is active under acid conditions (pH 3) under their experimental conditions, and the authors 
presented data showing that tris(2,2'-bipyridyl-4,4'-dicarboxylate) ruthenium (11) dichloride desort>s progressively as 
the pH is raised whereas tris(2,2'-bipridyl) ruthenium (II) dichloride is more strongly at>sorbed with increasing pH. The 
45 authors explain the results on the basis that titania has a point of zero charge (PZC) such that the surface Is positively 
charged below approximately pH6 and negatively charged at higher pH. Accordingly, under acid conditions sensitising 
agents carrying a negatively charged group can bind via electrostatk; interaction, whereas positively charged groups 
will tend to be repelled. Conversely, at pH greater than the PZC value for titania, molecular moieties with positively 
charged groups will tend to bind more strongly with the Ti02 surface. 
so [0010] One model of dye sensitization of the semi-conductor titanium dioxide, suggests that surface adsorbed dye 
molecules (sensitising agents) absori) visible light and inject electrons into the conduction band thus: 

D + /)V->D* 

55 

D* + Ti02 -> D.+ + (ri02 + e-CB) 
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[001 1 ] The conduction band electrons may then reduce oxygen to reactive species such as .OH radicals, which can 
rapidly attack organic molecules, i.e. 

3 3D + 3hv + 02 + 3H+->3D. + .OH + H20 

on Ti02 

[0012] Altematively or simultaneously D.+ may oxidise organic molecules. In this invention it will be understood by 

10 those skilled in the art that the sensitising agent is working in a catalytic manner i.e it is not significantty altered itself 
during the photocatalytic cleaning process, and is therefore active over a long period of time. 
[001 3] It would be advantageous if pemnanentiy photocatalyic materials could be developed in which soils deposited 
on, or within the material could be substantially degraded in visible or infrared light and also the rate of accumulation 
of soils could be diminished. That is, 'setf-deanlng' materials could be generated. This Is the problem the present 

15 Invention sets out to address. 

[0014] Thus in a first aspect the present Invention provides a permanentiy photocatalyic material effective to sub- 
stantially breakdown soils, or substantially reduce the accumulation of soils within, or on the surface of said material 
wherein at least a proportion of the material comprises a photocatalytic agent and a sensitising agent which absorbs 
light substantially in the visible and/or Infrared region. 

20 [001 5] The term 'pemianentiy photocatalytic material' in the context of the present invention means a material whk:h 
has incorporated within a least a proportion of its structure, or on at least a proportion of its surface, a photocatalytk: 
agent and a sensitising agent such that soils are substantially broken down, and/or the rate of accumulation of soils 
wrthin, or on the surface of said material substantially reduced, without the need for the applteation of cleaning agents 
and/or compositions. Of course, certain soils may be desirably treated witii other cleaning and/or absorbent materials. 

25 [0016] The materials themselves may be In the fomn of a liquid, which may be aqueous or nonaqueous, It can be 
made into a gel, or a solid which may be particulate or non-particulate. The solid may be metal or metal alloy based, 
ceramic, polymeric, glass, or comprise coated including coated natural fibres. 
[0017] The soils may be organ k: in nature and/or inorgante. 

[001 8] The term photocatalytic agent in the context of the present invention refers to an agent that has a favourable 
30 combination of electronic structure, light absorption properties, charge transport characteristtes and excited-state life- 
times. Primary light absorbers for photocatalysis include but are not limited to semkx)nductor materials. 
[0019] In the present invention, the photocatalytic material comprises a sensitising agent. Said agent is a metal 
complex sensltiser comprising a llgand with a conjugated n system. The central atom of such complexes can be but 
is not limited to ruthenium, platinum, palladium, iridium, rhodium, osmium, rhenium, iron or copper, titanium or zinc. In 
35 one embodiment suitable sensitising agents Include but are not limited to heterocyclic complexes which contain polypy- 
ridine, macrocyclic or phthalocyanine ligands and optionally other ligand types wherein at least one of the nitrogen 
groups is displaced by other donor groups. In a preferred embodiment of the invention the complex is any one or more 
of ruthenium II, ill or tV or mixed oxidation state chelating complexes containing nitrogen donor atoms or a ruthenium 
(II), (111), (IV) or a mixed oxidation state polypyridine complex. 
40 [0020] In a further embodiment the sensitising agent Includes any one or more of the following groups: terpyridyls, 
bipyridyis, phthaiocyanines, phorphyrins, tetra-aza-annulenes, pyrazines, phenanthrolines and derivatives thereof and 
compounds with substantially similar nitrogen based ring systems. 

[0021 ] These groups may be derivatised to produce compounds containing positively-charged binding sites suitable 
for attachment to semksonductors. Thus the sensitisng agent may further include any one or more of R4N+ or R4P+ 
45 groups wherein each R group may be the same or different and is any one or more of the following groups: hydrogen, 
halogen, amine, alkyi, aryl, arylalkyi, alkoxy, heterocyclic groups, or derivatives thereof, including acid and ester de- 
rivatives, any of which may be branched or unbranched. substituted or unsubstituted, 

[0022] In this way sensitising agents are specifically designed wherein the molecular structure functions in combi- 
nation witii semiconductors where the desired operating condition is such that the un-coated semtoonductor surface 
50 presents adsorption sites with a negative charge. This will occur for instance where the composition containing said 
agent is of alkaline pH. 

[0023] In one embodiment the sensitising agent may include a terpyridal group of general fomiula I shown below: 
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Rl 



10 




R3 



(I) 



15 



[0024] Where at least one of Rl , R2 and R3 are positively charged groups which has the general fomnula II shown 
below: 



20 




25 



30 



(II) 

Where R5-R7 are any one or more of the following groups: hydrogen, halogen, amine, alkyi, aryl, arylalkyi, alkoxy, 
heterocyclic groups, or derivatives thereof, including acid and ester derivatives, any of which may be branched or 
unbranched, substituted or unsubstituted, 

[0025] Alternatively, or in addition the sensitising agent may include a bipyridyl group having the general formula III 
shown below: 



40 



45 




(HI) 



50 



55 



Where R8 and R9 can be the same or different and is any one or more of the following groups: hydrogen, halogen, 
amine, alkyi, aryl, arylalkyi, alkoxy, heterocyclic groups, or derivatives thereof, including acid and ester derivatives, any 
of whrch may be branched or unbranched, substituted or unsubstituted, 

R2 may be the same or different from R3 and is any one or more of the following groups: hydrogen, halogen, amine, 
alkyi, aryl, arylalkyi, alkoxy, heterocyclic groups, or derivatives thereof, including add and ester derivatives, any of 
whtoh may be branched or unbranched, substituted or unsubstituted, 

[0026] Alternatively, or In addition sensitising agents of the present Invention may include phtalocyanines of general 
fomnula IV below: 
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10 



15 



20 



(IV) 




Where each R group may be the same or different and is any one or more of the following groups: hydrogen, halogen, 
amine, alkyi, aryl, arytalkyi, alkoxy, heterocyclk: groups, or derivatives thereof, Including acid and ester derivatives, any 
of whk:h may be branched or unbranched, sut>stituted or unsubstituted,. 

[0027] Attemath/ely, or In addition sensitising agents may include tetra-aza-annulenes (TADAs) of general fomiula 
V shown below. 



25 



30 



35 



40 




R1 -R4 may be the same or different and is any one or more of the following groups: hydrogen, halogen, amine, alkyi, 
aryl, arylalkyi, alkoxy, heterocyclic groups, or derivatives thereof, including add and ester derivatives, any of whtoh 
may be branched or unbranched, substituted or unsubstituted,. 
45 [0028] Alternatively, or in addition the bipyridyl compounds tris(2,2'-bipyridyl-4,4 -dk:arboxylate) ruthenium (II) dlchlo- 
ride and tris(2,2'-bipridyl) ruthenium (II) dfchloride can be dlmerised using pyrazine derivltlves such as pyrazine, pyri- 
mldine and 4,4'-bipyridyl linking ligands using procedures well known in the art. Again as previously discussed these 
will be most suitable for use in operating conditions such that the un-coated semk^onductor presents absorption sites 
with a negative charge. 

so [0029] The photocatalytbally active material may be doped with an additional element which has the effect of reducing 
the energy required to promote an electron of the photochemically active material to the conductance band. Suitable 
doping agents may include but are not limited to platinum, palladium, cobalt, silver, copper, nickel or iron, tungsten, 
chromium. These may be present as the metals themselves, and/or as complexes and/or compounds thereof. 
[0030] One skilled in the art will appreciate that generally the photocatatytk: agent and the sensitising agent within 

55 the material structure should be substantially Imperceptible to the user. This may be achieved by using agents with a 
mk^roscoplc partk^le size. The microscopk: partble size also aids In achieving a unrfomn dispersion throughout the 
materials thus maximising the efficiency of the photochemical reaction. Preferably the particle size is less than 1 0Onm, 
more preferably the particle size is less than 50nm and more preferably still it is less than 20nm. 
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[0031] In some circumstances one skilled in the art will appreciate the need for the photocatalytic agent and/or 
sensitising agent to possess larger particle sizes. This may be required when for instance the material Is to be used 
as part of a decorative colour, for example on tiles or on lampshades. 

[0032] On some occasions, the sensitising agent^s will be applied to a pemianent material comprising a light ab- 
5 sorbing agent. 

[0033] Thus in a further aspect, the present invention provides the use of at least one sensitising agent according 
to the present invention In the sensitlsatlon of a permanent material comprising at least one light absorbing agent. 
[0034] The tenn 'pennanent material' in the context of the present Invention means a nnaterial which permanently 
comprises a light absorbing agent-le the light absorbing agent Is not substantially consumed during the lifetime of the 
10 material 

[0035] In a further aspect, the present Invention provides the use of photocatalytic material according to the present 
invention, for the preparation of pemnanently self cleaning items. 

[0036] The temi 'pemnanently self cleaning' items In the context of the present Invention means that such that soils 
present on or within said items are substantially broken down, and/or the rate of accumulation of soils within, or on the 

15 surface of said items substantially reduced, without the need for the applbatlon of cleaning agents and/or composittons 
[0037] Photocatalytic material of the present invention may fomn the basis of coatings for durable 'self -cleaning' 
saucepan coatings. It may be incorporated into tiles to form 'setf-deaning* tiles suitable for floors, walls and the like. 
The material of the present invention may also be formed into fibres whk:h may be useful for the preparation of, for 
Instance, 'self-clean' toothbrushes and cleaning bmshes and the like. It may fonn the basis of fabric for needleworic 

20 such that for example 'setf-cleaningf cushions, upholstery, and curtains may be generated. One skilled In the art will 
appreciate that the list of potential uses of the material of the present invention is numerous, ft may, for instance be in 
aqueous fomn in places where liquid is stored, for instance swimming pools so that the need for the addition of sterilising 
agents is obviated. Further uses include the use in road signs, traffte signs and the like. Materials of thepresent Invention 
may also be used in 'anti-vandal' systems, for instance as an agent to 'breakdown' graffiti or as a coating on walls and 

25 the like whteh breaks down paint as it Is being sprayed onto the wall. In addition the materials of the present invention 
may be useful for the removal of tattoos from the skin. 

[0038] The photocatalytic material of the present invention may be incorporated Into substrate materials or coated 
onto substrate materials by any suitable method including preferably incorporation into polymerisable or hardenable 
composition applied to the substrate by dipping, spraying, extrusbn or the like. The vast number of applications of the 
30 Invention pemnits individual uses to be developed by normal trial-and-error Investigations. 

[0039] The invention will now be described by way of the following example whteh is In no way limiting of the invention. 

EXAMPLE 1 

35 [0040] The methods described bebw offer general synthetic pathways to sensitising agents specifteaily designed to 
function in combination with semiconductors where the desired operating condition is such that the un-coated semi- 
conductor surface presents a significant number of adsorption sites with a negative charge. Typk^al positively charged 
groups for use as binding sites include, but are not limited to R4N+ groups and R4P+ groups, where R is as hereinbefore 
described 

40 

Novel dyes based on terpyridyl 

[0041 ] Terpyridyl-based sensitisers with phosphonate chelating ligands (Graetzel at al, WO 95/29924) and with other 
ligand types (Graetzel et al, WO 94/0449) have been used in conjunction with titania in dye-sensitised solar cells. The 

45 terpyridyl group of general fonnula 1 can be syntheslsed with e.g. R1 as a positively charged unit. One exannple where 
R5-7 of formula II are methyl, is syntheslsed according to procedures where the intenmediate is made by the method 
outlined in ReclTrav. Chim. Pays. Bas, 1959, v78, 408, This nitrated aryl group is then changed into the terpyridyl unit 
by the method outlined by McWhinne et al (J Organoetallic chem.., 1968, v11 , 499). The nitro group is then reduced 
to the amine by hydrazine hydrate under Pd/G catalysis followed by reaction with excess methyl iodide to fonm the 

50 quatemary nitrogen terpyridyl ligand desired. 

[0042] Yet another variant of the positively charged terpyridyl molecule [described by general formula I] can be syn- 
theslsed by reacting 2-acetylpyridine with 4-nitrobenzaldehyde in base followed by ring closure with ammonium acetate 
according to methods outiined by E Constable et al (J Chem Soc Dalton Trans, 1992, 2947), followed by reduction of 
the nitro group to the amine and quaternisation as described previously to form a compound described by fonmula I 

55 with R2 and R 3 as hydrogen and R1 as 
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5 




[0043] Yet another general preparative method for a terpyridal group of general formula 1 Is based on derivatlsing 
the structure below (Potts et al, JACS 1 987, v1 09, 3961 ) by oxidising it to the cart>oxylic add by e.g. the methodology 
10 outlined by Dodd et al (Synthesis (1 993), V3, 295). Amination of the carboxylate Is then carried out by standard pro- 
cedures outlined in e.g. Chem Rev. (1981) V81, p589. 




Bipyrldyls 

25 

[0044] The synthesis of a compound of general formula III w'rth R8,9 =^ NH2 is described in (JACS 1958, V80, 2745) 
and (J Chem Soc Perkin Trans 2, 1996, 613) and a compound of fomnuia III can be quartemised by the preceding 
methods outlined for terpyridyls 



30 Phthalocyanines 



[0045] Phthalocyanlne dyes can be synthesised with amine nitrogen groups by e.g. Buchwald ammination of halide 
precursors to produce outer-ring derivatives such as (J Org Chem 2000, V65, 1158), the amine groups of which are 
then quartemised. 

35 

Tetra-aza-annulenes fTADAs) 



[0046] TADAs of the general formula V can be derivatised at R1 , R2, R3, and R4 by the general methods outlined 
above. 

40 

DImers 



[0047] The bipyridyl compounds tris(2,2'-bipyridyl - 4,4'<licarboxylate) ruthenium (II) dichlorlde and tris(2,2'-bipridyl) 
ruthenium (II) dichloride can be dimerised using pyrazine derivatives such as pyrazine, pyrimidine and 4,4'-bipyridyl 
^ linking ligands according to procedures detailed In (E A Seddon & K R Seddon, The Chemistry of Ruthenium, Elsevier, 
New York 1984, p 436). 



Claims 

50 

1 . A pemianently photocatalyic material effective to substantially breakdown soils, or substantially reduce the accu- 
mulation of soils within, or on the surface of said material wherein at least a proportion of the material comprises 
a photocatalytk: agent and a sensitising agent which absorids light substantially in the visible and/or infrared region. 

55 
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